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The Plastic Age ƉSome Numbers

Quelle: Science Advances 19 Jul 2017; Vol . 3, no. 7

Source: digitalstock / Fotolia.com

8300 Mio. t
produced

Source: Wikimedia

6300 Mio. t
waste

5000 Mio. t
environment

Source: Flickr

530 Mio. t
recycled

Source: Flickr
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Fraunhofer CCPE - System Services for a Circular Plastics Economy

Circular
Polymers

Circular
Additives and
Compounds

Advanced
Recycling

Circular
Logistics and
Sustainability

Product design studies
Application

and
Demonstration

Business and
Transformation

Circular Economy 
Assessment

Circular
Logistics and
Sustainability

Business and
Transformation

Development of circular
system solutions with

industrial partners

Circular prototypes for
molecules, materials ,

product designs

Products, IP, spin-offs,

businessmodels , and
participation processes

Circular Assessment of
molecules, materials , products Ż

3

24

1 Circular

Readiness

Level®



Ɠ Fraunhofer 

Biobased and Degradable Ɖthe Solution?

Â energy used in production
is lost

Â good solution only if
material flows cannot be
controlled

Â recovery of part of the
energy

Â nevertheless high 
depreciation
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Mechanical Recycling?

Â if general conditions (drying!) are
observed, possibleanalogouslyto
conventionalpolymers

ÂHOWEVER:

Âinfluencesduring useand storage
Ą MW degradation, discoloration

Âimpurities & varietal purity

Âpartial compensationthrough
AOs / chain / extenders/ compatibilizers

Âin generalno use in food sector
ÂŻand in the next cycle???
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The PLA case: Thereſsmore to it than that !

ÂPLA with about 10% largest market share after Bio -PET 30 in the
biopolymers market

Â about 25 producing companies, about 220T t/a production capacity, 
application adapted qualities

Â industrially compostable , partially environmentally degradable , some
mechanical recycling options are being investigated

Âthe underlying chemistry suggests clever chemical recycling
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PLA ƉIndustrial Synthesis Process
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End-of -Life Options for PLA
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Concept

Â direct feed of used PLA to the depolymerization reactor of the PLA process

Â using typical process parameters for the investigations

Â aim: direct implementation of recycling into running PLA plants

10-15

Lactic Acid

Oligo Lactic AcidLactide

PLA

90% 10%



Ɠ Fraunhofer 

Baseline for ƄNon-Disturbed Ɓ Depolymerization Process

Âamount of raw lactide
formed during fixed times

Ą rate

Âcontent of meso-lactide

Ą quality

amorphous

crystalline
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Recycling of Commercial IngeoƔ - Post-Industrial Case

Âno influence on reaction rate

Âno influence on meso content

M
W

D-Content

3000 grades Ą
injection3251D

7000D7000 grades Ą
blow moulding

1% 4%
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Recycling of Artificial Post-Consumer Waste (APCW)

Â creation of APCW by Knoten 
Weimar GmbH

Â PLA 960kg: yoghurt cups, 
disposable tableware // LWP 
waste 11.200kg

Â NIR separation , shredded , 
washed, swim-sink separation , 
wind sifting

Â PLA amount 86%

Âno influence on reaction rate

Âmore meso-lactide formed Ą especially useful in production of ƄhighƁD-grades 
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Life Cycle Analysis of PLA Recycling

Â The aim of the LCA is to compare the potential 
environmental impacts of various end -of -life 
options for PLA

Â Specific questions:

Â Does mechanical and chemical recycling of 
PLA make sense from an ecological point of 
view?

Â What are the advantages and possible 
disadvantages, e.g. compared to the current 
disposal route via energy recovery?

Â Where are the needs for further 
optimization and research?
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Results of an LCA for PLA production 
Ą Chemical recycling of PLA most probably saves lots of GHG emissions

A. Morao , F. de Bie: Journal of Polymers and the Environment, https://doi.org/10.1007/s10924 -019-01525-9
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System boundaries and functional unit

Â FU: ƈTreatment of one ton of PLA waste Ƈ

Â Post consumer PLA waste

Â 900 kg of virgin PLA can be obtained by 
chemical recycling

Â Comparison to alternative disposal via 
municipal solid waste incineration (MSWI)

Waste Collection

and Sorting

System Boundaries

Waste Disposal
via Incineration

or Recycling

Transport

Substitution of

Materials/ Energy
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Reference path: MSWI

Â Reference for comparison: municipal solid 
waste incineration (MSWI) in Germany

Â Emissions: 63 kg CO2-eq./t PLA waste 

Â Emissions caused by transport, sorting, 
and incineration (biogenic carbon 
excluded)

Â Credits: 760 kg CO2-eq. due to substitution 
of heat and electricity generation 

Â Balance: 

Â Application of MSWI saves approx. 
700 kg CO2-eq. emissions per ton waste 
PLA
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Chemical Recycling of PLA

Â Emissions caused by depolymerisation
process and production of new PLA

Â 700 kg CO2-eq./t PLA waste 

Â Credits: 2 180 kg CO2-eq. due to 
substitution of 900 kg of virgin PLA

Â Balance: application of chemical 
recycling saves 1 480 kg CO2-eq. 
emissions per ton of waste PLA


